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1 

METHOD FOR FORMING A NICKEL-TITAN PLATING 

The present invention relates to a method for 
forming a nickel -titan 'plating. 

Nickel -titan (NiTi) is an intermetallic com- 
5 pound. A form of this compound having a certain micro- 
structure is known to have pseudoelastic properties. 
In this context, pseudoelasticity refers to an unusu- 
ally large reversible expansion after stress, a phe- 
nomenon not based on the ordinary elasticity of mate- 

10 rials that is associated with the stretching of atomic 
bonds. Due to its pseudoelasticity, NiTi may have a 
maximum reversible expansion as large as 8%, depending 
on the exact composition, microstructure and tempera- 
ture of the compound. Typically, it has been estab- 

15 lished that, due to pseudoelasticity, NiTi compounds 
have an excellent cavitation strength, and they have 
also been found to have a good erosion and corrosion 
resistance *in different environments. In particular, 
NiTi has proved to have a very good resistance to par- 

20 tide, liquid droplet and cavitation erosion. These 
properties make NiTi compounds an ideal material for 
use in e.g. water turbine blades and in process indus- 
try equipment, such as pumps, mixers, etc. 

As NiTi compounds are expensive and difficult 

25 to manufacture, it is not economical to make whole 
parts from NiTi. Instead, in many cases the same ad- 
vantages and properties can be obtained by plating the 
desired object with NiTi. 

However, NiTi is a difficult plating material 

30 because the NiTi microstructure important for pseu- 
doelasticity easily gets destroyed. 

As to plating methods, deposition welding and 
hot spraying involve the problems that it is difficult 
to achieve a sufficient adhesion at the junction sur- 

35 face and that the microstructure and therefore the 
properties, especially pseudoelasticity, are difficult 
to control. For these reasons, the plating methods re- 
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ferred to are not practical where different surfaces 
and objects are to be protected with a NiTi plating. 

A NiTi plating can also be formed by an ex- 
plosive plating method, which has yielded better re- 
5 suits. The method in question is presented in specifi- 
cation US 5,531,369. 

Due to the nature of explosive plating, the 
area to be plated cannot be of a very complex nature 
in respect of geometry, which is a significant limita- 
10 tion regarding the shape of objects to be plated and 
therefore the range of use of NiTi plated objects. In 
the case of large surfaces to be plated, the size of 
the explosive charge to be used constitutes a limita- 
tion. 

15 The object of the invention is to eliminate 

the problems referred to above. A specific object of 
the invention is to develop a relatively simple NiTi 
plating method which can be used to form a plating on 
geometrically complex and even large surfaces and 

20 which produces a plating possessing pseudoelastic 
properties . 

The features characteristic of the invention 
are presented in the claims. 

In the method of the invention, a plating is 
25 produced by hot-pressing plating material onto the 
surface of the object to be plated. The method is im- 
plemented using e.g. axial, isostatic or some other 
known type of hot pressing. 

Hot pressing is accomplished using a pressing 
30 element and a heating element. The pressing element is 
arranged to press the plating material against the 
surface of the object to be plated and the heating 
element is arranged to heat the area to be pressed. 
The action of the pressing element may be e.g. hydrau- 
3 5 lie, mechanical or some other known type of action. 
The action of the heating element may be any known 
type of heating action. 
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The pressure and temperature used in the hot 
pressing operation are so selected that the surface to 
be plated and the plating material are in a solid 
state in the hot pressing conditions. A solid state is 
5 conducive to the formation of the desired boundary 
layer structure and to the formation of the micro- 
structure of the plating. 

The pressure, temperature and pressing time 
used in the hot pressing operation all have an effect 

10 on the pseudoelasticity and tensions of the plating 
produced and also on the thickness and nature of the 
reaction layer that may be formed during the pressing. 
In addition, these properties can be influenced by 
varying the material of the surface to be plated and 

15 the granular size and amount of e.g. a powdery plating 
material . 

The pressure and temperature to be used in 
the hot pressing operation are preferably so selected 
that substantially no tensions due to different ther- 

2 0 mal expansion coefficients are produced between the 
object to be plated and the plating material even when 
the plated object cools down. Such tensions impair the 
adhesion of the plating and have an adverse effect on 
the plating structure. 

25 The pressure and temperature used in the hot 

pressing operation are preferably so high that the 
plating material forms a continuous plating on the 
surface of the object to be plated. 

The pressure used in the hot pressing opera- 

30 tion is preferably in the range of 70-150 MPa, more 
preferably 90-120 MPa. 

The temperature used in the hot pressing op- 
eration is preferably in the range of 700-1400°C, more 
preferably 800-1200°C. 

35 The plating material and the surface of the 

object to be plated are preferably hot -pressed against 
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each other for over 1.5 hours, more preferably over 2 
hours , e.g. about 3 hours . 

At the final stage of the hot pressing opera- 
tion, the surface is allowed to cool down, or it is 
5 cooled down. The cooling rate is preferably below 
5°C/min, e.g. 4.6°C/min, and pressing is continued dur- 
ing the cooling phase. A low cooling rate promotes the 
formation of the microstructure and prevents tensions 
due to differences between:, the thermal expansion coef- 
10 ficients. 

The plating material preferably has a nickel 
content of about 48-57 atom percent in relation to the 
total amount of nickel and titan. The plating material 
may also contain small amounts of other materials. The 
15 plating material may be in the form of wire, powder or 
sheet . 

The surface to be plated is preferably of 
such material that the reaction layer formed during 
hot pressing at the boundary layer between the plating 

20 material and the surface to be plated will bind the 
plating to the surface to be plated. 

The surface to be plated is preferably made 
of austenitic steel . When NiTi is hot-pressed onto the 
surface of austenitic steel at correct temperature and 

25 pressure, a reaction layer is formed at the boundary 
layer between steel and NiTi that binds the plating to 
the steel surface extremely well. 

By the method of the invention, various ob- 
jects can be easily NiTi -plated so that the plating 

30 shows a microstructure and properties characteristic 
of the pseudoelasticity of NiTi. When objects are 
plated by the method of the invention, a reaction 
layer allowing excellent plating adhesion can be cre- 
ated at the boundary layer between the object to be 

35 plated and the plating material. The invention allows 
large and geometrically more complex surfaces than be- 
fore to be plated relatively economically, thus making 
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it possible to use NiTi plated parts on a much larger 
scale than before and- in new areas of technology. In 
the method of the invention, the thickness and granu- 
lar structure of the plating can be varied in more di- 
5 versified ways than before. 

In the following, the invention will be de- 
scribed by the aid of an example embodiment. 

In a preferred embodiment of the invention, 
powdery NiTi compound is hot pressed onto the surface 

10 of AISI 316 type austenitic steel at a temperature of 
about 900°C and at a pressure of about lOOMPa for 
about 3 hours, whereby the NiTi compound is compacted 
as a pseudoelastic plating on the steel surface and a 
tough metastable titan -enriched reaction layer is 

15 formed at the boundary layer between the steel and the 
NiTi compound. The plated object is allowed to cool 
down at a rate below 5°C/min, about 4.6°C/min, while 
pressing is continued during the cooling phase. 

The object to be plated is a ship's propel - 

20 ler, a water turbine blade, a pump for process indus- 
try, a valve, a mixer or some other corresponding de- 
vice. 

The above example has been presented in order 
to illustrate the invention, without limiting it in 
25 any way. 
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CLAIMS 

1. Method for forming a nickel-titan plating, 
characterized in that, in the method, a 
plating material mainly consisting of nickel -titan is 

5 hot pressed onto the surface to be plated. 

2. Method as defined in claim 1, char- 
acterized in that the hot pressing is performed 
axial ly. 

3. Method as defined in claim 1, char- 
10 acterized in that the hot pressing is performed 

isostatically . 

4. Method as defined in claim 1, 2 or 3, 
characterized in that a pressing device and 
a heating device are used, of which the heating device 

15 is used to heat the plating material and the pressing 
device is used to press the plating material and the 
surface to be plated against each other. 

5. Method as defined in any one of the pre- 
ceding claims 1 - 4, characterized in that 

20 the pressure and temperature used in the hot pressing 
operation are so selected that the surface to be 
plated and the plating material remain in solid state. 

6. Method as defined in any one of the pre- 
ceding claims 1 - 5, characterized in that 

25 the pressure and temperature used in the hot pressing 
operation are so selected that substantially no ten- 
sions due to differences regarding thermal expansion 
coefficients are produced between the surface to be 
plated and the plating material. 

30 7. Method as defined in any one of the pre- 

ceding claims 1 - 6, characterized in that 
the pressure and temperature used in the hot pressing 
operation are so selected that the plating material 
forms a compact plating on the surface to be plated. 

35 8. Method as defined in any one of the pre- 

ceding claims 1 - 7, characterized in that 
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the pressure used in the hot pressing operation is 70- 
150MPa, preferably 90-120MPa. 

9. Method as defined in any one of the pre- 
ceding claims 1-8, characterized in that 

5 the temperature used in the hot pressing operation is 
700-1400°C / preferably 800-1200°C. 

10. Method as defined in any one of the pre- 
ceding claims 1 - 9, characterized in that 
the plating material and the surface to be plated are 

10 hot -pressed against each other for over 1.5 hours, 
preferably over 2 hours, most preferably about 3 
hours . 

11. Method as defined in any one of the pre- 
ceding claims 1-10, characterized in that 

15 the surface is cooled down as a continuation of the 
hot pressing operation. 

12. Method as defined in claim 11, char- 
acterized in that during the cooling phase the 
temperature is reduced at a rate below 5°C/min. 

20 13. Method as defined in claim 11 or 12, 

characterized in that the pressing is con- 
tinued while the surface is being cooled down. 

14. Method as defined in any one of the pre- 
ceding claims 1-13, characterized in that 

25 the plating material contains 48-57 atom percent 
nickel in relation to the total amount of nickel and 
titan. 

15 . Method as defined in any one of the pre- 
ceding claims 1-14, characterized in that 

30 the plating material is in a powdery, sheet-like or 
wire -like form. 

16. Method as defined in any one of the pre- 
ceding claims 1-15, characterized in that 
the surface to be plated is of such material that a 

35 strong metastable boundary layer is formed during hot 
pressing between the plating material and the surface 
to be plated. 
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17. Method as defined in any one of the pre- 
ceding claims 1-16, -characterized in that 
at least part of the surface to be plated is made of 
austenitic stainless steel. 
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